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Abstract: The usage of polymeric insulators is common due to their advantages in 
comparison with porcelain insulators. Environmental and electrical stresses have got 
deteriorating effects on polymeric insulators. Thus, knowing about behaviour of these 
types of insulators under various stresses is necessary. Till now, various electrical tests 
have been performed on polymeric insulators to investigate their performance in different 
situations and to provide a solution for predicting their effective life-time. Also some 
standards for testing polymeric insulators have been proposed e.g. IEC62217. In this 
paper, three pairs of similar 63kV and three pairs of similar 132kV polymeric insulators 
have been selected for studying the relation between leakage current of polymeric 
insulators and their specific creepage distance based on IEC62217 standard. The 
specimens have been tested in three different creepage distances which are proportion of 
overall creepage distance. The Fast Fourier Transform analysis has been used to find the 
harmonic spectrum of the leakage current. The results showed that the amplitude of 
harmonic components for 63kV insulators in all three cases is mostly equal to each other 
and similarly for 132kV insulators. 
 
 
1 INTRODUCTION 
In recent decades, the usage of polymeric 
insulators in transmission and distribution lines has 
been widely increased. The main advantages of 
polymeric over porcelain and glass insulators can 
be mentioned as they are lighter and easy to 
handle and having a low surface energy, much 
more strength to degradation and good 
hydrophobicity [1]. However, there is a limited 
experience of the reliability and long-term 
performance of polymeric insulators in the field. 
Hence, it is important to study polymeric insulators 
under realistic environmental conditions [2-4]. 
Actually, they are more subjected to the risk of 
ageing in the field part. Aging is the main reason of 
polymer insulators failure in the field and apparent 
by tracking and/or erosion of polymeric insulators. 
The major problem with realistic environmental 
condition is that it requires a very long time before 
any significant changes observed. So various 
laboratory accelerated tests have been developed 
to evaluate aging of polymeric insulators. Salt-fog 
is one of these Laboratory aging tests for polymeric 
insulators [5]. Also some standards for testing 
polymeric insulators have been proposed e.g. 
IEC62217 [6]. In this standard tracking and erosion 
test is provided as a time-limited continuous test in 
salt-fog. Erosion is an irreversible and non-
conducting degradation of the surface of the 
insulator that occurs by loss of material while 
tracking is process which forms irreversible 
degradation by formation of conductive paths 
(tracks) starting and developing on the surface of 
an insulating material. Indeed, the heat induced by 
dry band arcing has caused breaking of the 
polymer chains, creating a larger hydrophilic 
surface and increasing leakage current (LC). 
Exposure to dry band arcing, induce tracking and 
erosion which reduce the lifetime and the 
performance of polymeric insulators [7]. Therefore, 
recognition of LC and dry band arcing spread on 
material samples and full size insulators is needed. 
More researches on LC and dry band arcing 
development have been done. The LC patterns 
have been studied on naturally aged and artificially 
contaminated insulators in [8]. The LC low 
frequency harmonic components have been 
studied as a diagnostic tool for determination of 
aging in [9-10]. Therefore, the LC is a good 
criterion to determination of polymeric insulators 
condition. 
In this paper a pair of 63kV and 132kV polymeric 
insulators has been selected for investigating the 
relation between the LC and the specific creepage 
distance (SCD). Since the SCD determines the 
amount of line to line voltage stress on an insulator, 
it has been expected that by decreasing creepage 
distance in a constant SCD, short part of a 
polymeric insulator by lower voltage can be tested 
and changes would not be more than overall 
creepage distance test. Results confirm this 
statement.  
2 EXPERIMENT 
2.1 Specimen 
In this work three similar 63kV and three similar 
132kV polymeric insulators are used. The 
parameters of insulators are given in Table 1. Both 
63 kV and 132 kV samples are alternative sheds. 
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Table 1: Data related to the polymeric insulators used in this test 
Parameter 
Cases 
A B C D E F 
Voltage in kV 63 63 63 132 132 132 
Creepage distance in mm 3500 3500 3500 5600 5600 5600 
Arcing distance in mm 800 800 800 1750 1750 1750 
Shed diameter in mm 130/90 130/90 130/90 130/50 130/50 130/50 
Core diameter in mm 40 40 40 40 40 40 
Considered Creepage Distance in mm 500 1000 1500 280 840 1400 
Ratio to Overall Creepage Distance 1/7 2/7 3/7 1/20 3/20 5/20 
Applied Voltage in kV 14.5 29.0 43.5 8.10 24.3 40.5 
 
Specimens were brought out from vacuum for the 
first time.   
2.2 Test setup 
Tests are performed in a salt-fog chamber with 
dimension of 2m×2m×2m made of stainless steel. 
The salt-fog chamber consists of two nozzles for 
injection of clean-fog or salt-fog into the chamber 
and an air conditioner system for exit of fog. A 
single phase high voltage transformer with the ratio 
of 380 V/ 100 kV, 10 kVA, 50 Hz is employed to 
energize the insulators. The energizing system 
contains a capacitor divider for voltage 
measurement. The data acquisition system 
consists of a digital oscilloscope which monitors 
the voltage across the shunt resistor to measure 
the LC value. A protection system is considered to 
protect the data acquisition system against 
unexpected overvoltages. Figure 1 shows the test 
setup diagram. 
2.3 Test method 
Each of the 63 kV and 132 kV polymeric insulator 
specimens was divided into three cases. The 
creepage distance of any case is a proportion of 
 
Figure 1: Test setup schematic 
overall creepage distance. Characteristics of each 
case have been presented in Table 1. All cases A-
F are subjected to salt-fog with 4 kg/m
3
 salinity. 
Based on IEC 62217, the voltage stress was set to 
20 mm/kV SCD (equal to Unified Specific 
Creepage Distance (USCD) of 34.6 mm/kV) for all 
specimens. According to Table 1, applied voltages 
are in single phase mode, calculated by dividing 
considered creepage distance by 34.6 mm/kV. 
Two clamps are designed to improve the electric 
field distribution around the insulators trunk while 
changing the creepage distance. Then, the 
specimens were mounted horizontally in salt-fog. 
Test voltage was applied to considered part of the 
insulator when the density of salt-fog had been 
arrived to the expected value. 
3 LEAKAGE CURRENT ANALYSIS 
3.1 Leakage Current of 63 kV specimens 
The LC waveforms and Fast Fourier Transform 
(FFT) spectrum waveforms of three 63 kV 
polymeric insulators are shown in Figure 2 
separately. Due to Figure 2, the LC waveforms in 
cases B and C are similar. Whereas, in case A, the 
LC waveform has some distortion but the 
amplitude of the LC is almost equal with other 
cases. Drying some LC paths or partial discharges 
can be main reason of this difference in LC 
waveform. Also, the amplitude of the fundamental 
harmonic component in cases A and C are almost 
equal. While, in case B, the amplitude of the 
fundamental harmonic component is a little less 
than the other two cases. The amplitude of the 3
rd
 
harmonic component in case A is a little higher 
than other cases due to distortion in LC waveform. 
Similarly the amplitude of the 5th harmonic 
component in case A is higher than other cases 
because of the same reason but it can be ignored. 
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(a) 
 
(b) 
 
(c) 
Figure 2: Time domain and FFT spectrum 
waveforms of leakage current of 63 kV insulators. 
(a), case A with 500 mm creepage distance; (b), 
case B with 1000 mm creepage distance; (c), case 
A with 1500 mm creepage distance. 
 
(a) 
 
(b) 
 
(c) 
Figure 3: Time domain and FFT spectrum 
waveforms of leakage current of 132 kV insulators. 
(a), case D with 280 mm creepage distance; (b), 
case E with 840 mm creepage distance; (c), case 
F with 1400 mm creepage distance. 
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3.2 Leakage Current of 132 kV specimens 
Figure 3 shows the LC waveforms and FFT 
spectrum waveforms of 132 kV specimens. The LC 
waveforms are mostly uniform and some crest 
looks in cases E and F. Dry band arcing was 
observed in procedure of test and it can be the 
reason of these crests. In case D, no crest was 
observed while E and F crests had 1000 uA and 
more than 1000 uA peaks respectively. In addition, 
the FFT spectrum waveforms show equal the 
fundamental and 3rd and 5th harmonic components. 
3.3 Relation between Leakage Current and 
Specific Creepage Distance 
The Error bars technique is employed to validate 
the LC data. This shows the confidence intervals of 
data or the deviation along a curve. Figure 4 shows 
the Error bars diagram that represents the 
deviation from the mean of low frequency harmonic 
components of 63 kV polymeric insulators. Little 
  
Figure 4: The Error bars and mean of low 
frequency harmonic components diagrams for 63 
kV specimens. 
 
Figure 5: The Error bars and mean of low 
frequency harmonic components diagrams for 132 
kV specimens. 
deviations from the mean can be seen for each 
harmonic component. The maximum and minimum 
deviation is observed for the fundamental harmonic 
component (50 Hz) and the 9
th
 harmonic 
component (450 Hz) respectively. In addition, 
some negligible deviations can be seen for the 3
rd
 
and 5
th
 harmonic components. The Error bars 
diagram for 132 kV samples is shown in Figure 5. 
As seen in this figure, the maximum and minimum 
deviation is observed along with the 3rd and 9th 
harmonic components respectively. However, the 
LC changes are not sensible at different creepage 
distances. The constant SCD which makes the 
voltage stresses is fixed on considered part of the 
insulators. Therefore, the small size of an insulator 
can represent the complete insulator trends in test 
procedure. 
4 CONCLUSION 
This study demonstrates a good correlation 
between the LC and SCD. In a way that, by fixing 
the SCD, a little part of the transmission line 
insulators could be tested in laboratory. Results 
show that in 20 mm/kV SCD (equal to 34.6 mm/kV 
USCD) the LC has no sensible changing in three 
cases of both 63 kV (A-C) and 132 kV (D-F) 
polymeric insulators. According to the results, little 
differences were observed at LC waveforms and 
FFT spectrum so it can be neglected. Also, the 
Error bars technique illustrated a little deviation 
from the mean of low frequency harmonic 
components. 
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